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An investigation of the thorium-carbon-hydrogen system (1) After thorium was shown to form these ternary compounds, it was of interest, to see if other metals form similar com pounds . It was necessary to limit the number of metals to be studied and the metals chosen for study were those metals which form carbides and hydrides with properties and stoichiometry similar to the corresponding compounds of thorium. Table 1 shows the crystal structures for some transition metal carbides and hydrides and the enthalpy of dissociation of the hydrides. Thorium forms a monocarbide with the sodium chloride structure (4) and a dihydride with a distorted fluorite structure (5) . Titanium, zirconium and hafnium form a carbide (6 and 7) and a hydride (8 and 9) with the same structures and stoichiometry as those of thorium. To extend the scope of this investigation, some metals that form either a carbide with the sodium chloride structure or a hydride with the fluorite structure were also studied.
Yttrium and lanthanum form dihydrides with the fluorite structure (10 and 11) but do not form monocarbides with the sodium chloride structure (12 and 13) . Vanadium, niobium and tantalum form monocarbides with the sodium chloride structure (14) but form monohydrides instead of dihydrides (15 and 16) . These metals also form lower carbides (6, 17 and 18) in which the metal atoms are arranged in a hexagonal (1) in their investigation of the ternary thorium-carbonhydrogen system. They also showed that thorium monocarbide absorbed an insignificant amount of hydrogen. If the quan tity of the nonvolatile components, the total quantity of hydrogen, and the volume of the system are known the amount of hydrogen in the condensed phases can be determined by measuring the temperature and pressure at equilibrium. If the binary phase relationships are known as a function of pressure and temperature, the concentration of the components in each of the condensed phases in the ternary system can be determined from equilibrium pressure-composition isotherms.
In keeping with the phase rule, the maximum number of phases that can coexist at equilibrium in a ternary system at con stant temperature is four. In an equilibrium pressurecomposition isotherm for a three component system the equilibrium hydrogen partial pressure is invariant with composition when three condensed phases coexist at equi librium. If only one or two condensed phases are present at equilibrium the hydrogen content of these phases will vary with the hydrogen equilibrium partial pressure. The formation of the ternary metal-carbon-hydrogen compounds was detected by observing the variation in composition of the condensed phases with hydrogen equilibrium partial pressure at a constant temperature. Powder x-ray diffrac tion techniques were used to determine the crystal class and lattice parameters of the ternary compounds, and photo micrographs were used to study the phases present in the hydrogen equilibrated specimens. 8a
II. EXPERIMENTAL

A» Materials
The alloys that were equilibrated with hydrogen were prepared by arc-melting the metal with weighed amounts of carbon in the form of spectroscopic electrode rods. The compositions of the metals are shown in Table 2= Carbon was determined by combustion in oxygen, nitrogen by the Kjehldahl method and oxygen and hydrogen by vacuum fusion.
The metallic elements were determined by emission spec troscopy. Hydrogen was obtained by the thermal decomposi tion of uranium hydride as described by Spedding et al (19) .
Arc-melted alloys tend to be inhomogeneous due to the It is desirable that the specimen that is equilibrated with hydrogen be one single piece. A fragmented specimen has more surface area available for contamination and a individual particles which do not have the same composi tion as the composition of the total specimen. The yttrium and lanthanum specimens were machined to the desired diameter on a lathe with a cutting tool which had been carefully cleaned with trichloroethylene to avoid oil contamination. These alloys reacted with water and the machined specimens were kept under absolute alcohol prior to weighing and sealing into the equilibrating apparatus.
Because the lanthanum specimen was partially molten at the equilibration temperature, it was placed in a tantalum crucible. The machined specimens were approximately six mm in diameter and 15 to 30 mm in length. The titanium, zirconium and hafnium specimens of low carbon content were cut to the desired size with a water cooled abrasive wheel.
Those specimens with a higher carbon content and the vana dium specimen were broken into pieces just small enough to fit into the quartz furnace tube. All of these speci mens were washed and dried with 95 per cent ethyl alcohol prior to weighing and sealing into the equilibrating apparatus.
A schematic diagram of the hydrogen equilibration apparatus is shown in Fig. 1 . To show that the reactions that occurred in the ternary system were reversible, the prèssure-composition isotherm was established by first adding and then withdrawing known quantities of hydrogen from the specimen. The difference between the two pressure-composition isotherms was expected since the loss of hydrogen through the hot quartz tube was cumulative and became significant in the latter part of the experiment.
The titanium-carbon alloy was equilibrated with hydrogen at temperatures from 550° to 850°C at 50 degree intervals.
The equilibrium pressures are shown in Fig. 3 In the zirconium-hydrogen system, LaGrange et al (25) showed that hydrogen lowers the transformation temperature to a eutectoid at 547°C and 23 atomic per cent hydrogen.
Hafnium undergoes an allotropie transformation at about 1750°C and the effect of hydrogen on this transformation has not been reported. In both the zirconium-hydrogen and hafnium-hydrogen (26) The constants of this equation were obtained by a method of least squares and are given in Table 3 together with the enthalpy changes per mole of hydrogen accompanying the formation of the ternary compounds. The binary lanthanum-carbon system was investigated by Spedding _et al (13) who found two intermediate compounds. Hydrogen was added to specimens of titanium, zirconium and hafnium having a carbon to metal atom ratio of 0.50, 0.48 and 0.42 respectively at temperatures ranging from 925° to 1000°C. The hydrogen pressure was always kept above the dissociation pressure of the ternary compounds and below that of the dihydrides. The rate at which the specimens absorbed hydrogen was extremely slow. The titanium and hafnium specimens were equilibrated for two months and the zirconium specimen for four months. Microscopic examina tion of the equilibrated specimens showed that the titanium and hafnium specimens contained two phases and the zirconium specimen three phases. The minor constituent in the titanium specimen comprised 6 volume per cent of the total specimen and was titanium monocarbide. In the hafnium specimen there was 27 volume per cent of the minor phase present and this phase was hafnium metal. The zirconium specimen contained 10 volume per cent of each of the minor phases which were zirconium monocarbide and zirconium metal. The hydrogen content of the equilibrated specimens was determined and the calculated stoichiometry of these preparations of the ternary compounds was as follows, TiC.TiHo.45, ZrC.ZrHx.46 and HfC-HfHQ.gg-The stoichiometry of the ternary compounds shows that they exist over a wide range of hydrogen composition in much the same manner as a dihydride of these metals. The carbon to metal stoichiometry could be determined with considerable accuracy and was always one carbon atom to two metal atoms. It is quite likely that at high enough pressure and low enough temperatures the stoichiometry of these ternary compounds would approach mc-mh2-
IV. CONCLUSIONS
This investigation showed that a new type of ternary compound containing carbon, hydrogen and a metal was formed by several metals. The metals that formed these ternary compounds did not all form carbides and hydrides with simi lar properties and stoichiometry and it is possible that other metals also form similar ternary compounds. Titanium, zirconium, hafnium, yttrium, lanthanum and vanadium all form ternary compounds with the approximate stoichiometry MC*MH X .
The compounds have a wide range of hydrogen content, and are more stable thermally than the hydride of the same metal. The positions of the carbon and hydrogen atoms in the MC*MH X structure have not been determined and consequently the bonding in these compounds can not be deduced from the bond distances and arrangement. It was suggested by Peterson and Rexer (1) that the bonding in ThC°ThH2 is probably quite similar to the bonding in thorium monocarbide and thorium dihydride. Table 5 shows the volumes of the MC*MH X hexagonal unit cells calculated from the lattice constants and compares them to the sum of the volume of the monocarbide primitive unit cell and the volume of the dihydride primitive unit cell.
The small difference between these two volumes indicates that the bonding in the ternary compounds is probably quite simi lar to the bonding in the carbides and hydrides. The metallic luster and electrical conductivity of the monocarbides and dihydrides of these metals were also shown by the ternary compounds. Hàgg (32) examined the zirconium-hydrogen binary system at room temperature by x-ray methods and reported two inter mediate phases between zirconium and zirconium dihydride.
Most subsequent investigations of this system did not con firm the existence of these two phases. The first intermedio ate phase was reported to be cubic with a Q = 4.669A. (1) 
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